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2o ststgyg HAH3 FAle= Nonconvex NLP (Nonlinear Program) #€j
2 ey, 22 3% oMY local optimumEe] EA4%ct. 2y @x) 3}
BFA HH3l= EE Local Optimizationd] 2]&3%t1 Y AAolth A
HHHE& F+ Global Optimization® ¥WH-2 =LA Deterministic Approach®t
Stochastic Approach® Y& ¢ Ut £ A7 EXH HH3} ZA7} global
optimum% g °¢|E3Ho 2 #BA5A EASlE Deterministic Approachol &% 3}
g3 MM 7teAdE FHse Aot

Vaidyanathan® El-Halwagi (1994)= 71£9] Interval Analysis Algorithme]
7}45& #3te lower bound test, distrust-region method, shifted partitioning
around local solutions®] WHE-E AL3AT. B =RdMde 54 AFzdL
o] &3l X} A2 branching variableS & AF&3l= algorithm= A A3}, o]
algorithme vlx] W4 AP S Tt FA9 AVE £ AR 2L /MEa01E
Aok, ey A gEli FYEEA 28 £ A0 (837 A3 FEEA
S ol Fx) o, Y3 AAr dAFHYH TR global optimume]t}.
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B =FolA A A= algorithm- Ratschek® Rokne?] Algorithm 2 (1988,
pp. 174-176)9 712 & Tt} 259 algorithme EE ¥W4E branching e
2 1383d. a3y g 3 4dF ¥HFEY ¥4 9 H4sEy HdeER
H Z2AFgE & sk o] A A9 AVE F42E F onz olF o|&3H
Branch and Bound #7389 A4 87%E A3 24 & Uk @A AtEH
i+ algorithme o533 22 Fejo A3 FAE 772 Frt

min f(x, y)
X, ¥
subject to (
glx,’y) < 0
hix, ¥y) = 0
x€ X = {xlx €R™ -0 <xli<x; <xj <+, j =1 n}
yEY={yly ER™ -0 <yi<y <yj<+o j=1+n, )
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Aq7]1A f, g B he A% FrEoit ‘fﬁ—r x € y= x9 ¥ XERYH 99
AGzAES F3d9 y«] He Y7 2AHE = =S g3 o dL 234

o] IrEF T E Fio}
Property (Y): For any X* C X, as w(X*) = ub X* — Ib X* - 0, w(Y") — 0.

o] o] AY3H Ratschek¥®} Rokne & +HA 7 (1988, pp 181-183)0] &
algorithmoll = F &3tk T o] U wHFH3A] fe y HSFE ALLSIH +
AL 2R e a8y o] Afdx SPAT %44 globality«= ®
A=t AoE e algorithme o3 o)

Interval Analysis Branch and Bound Algorithm

Step 0. Initialization

(1) Define X' = X.

(2) Initialize the set of unsolved subproblem indices B <« {1} and the set
of solved subproblem indices D «— &.

(3) Set the upper bound on the global minimum U « +o or f(x°, y°),
where (x°, y°) is any feasible point.

Step 1. Interval Analysis and Bounding. For all k € B,
(1) Remove k from B, and enter k into D.
(2) Determine Y* corresponding to X*.
(3) Set Y¥ « Y nyvy
@Y = g o bAX* YH>U
b A(X*, Y¥) > & or ub hi(X*
remove k from D,
(5) Otherwise,
(a) Set x* = mid X*.
(b) Determine y* corresponding to x*.
©) If y* € Y and gi(x*, y")<er and Ri(x*, yOEl-¢4 +ed
for all {, then
(i) Update U <« min(U, f(x*, y*)).
(ii) Remove all r from D such that b (X", Y") > U.

Step 2. Convergence Test and Branching
(1) If D = @, terminate as the problem is infeasible.
(2) Otherwise,
(a) Select k € D such that Ib f(X*, Y*) =min , e p b (X", Y").
M If y* € v and flx*, ¥y - Db AX* Y¥) < £, and
g,-(xk, y¥) < ¢ and hix*, y*) & [-ey +eg for all i, then
terminate with (x, yk) as a global solution.
(c) Otherwise,
(1) Sell(ect varable x; which has the maximum length of interval in
X",
(ii) Bisect X* normal to coordinate x;, getting X” and X? such
that X¥ = X? U XY where p, ¢ € D.
(i) Remove k from D, and enter p and ¢ into B.
(iv) Go to Step 1.

or b gilX* Y5 > & or
Y*) < -& for some i, then
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2l 9] algorithm & Step 1(4)91 A infeasibility testE 93l AlEHE 2 0 ©)
Aol A2 gtoezZ b (lower bound) © ub (upper bound) ZA4FA] machine
interval arithmetic (Ratschek and Rokne, 1988, pp. 30-31)& Al8& A% 008
L 4 Ut B AFqME ¢ = 109] AU

£ AN ALY FHH Axde e 2L Heel y Ws A5
4 AFRAS Agte] Wh xo) WAZRH WS yol BolE TaT

Ax) y = blx) (1)

71l AE n, X n, matrix, b¥ ny,~dimensional column vectore]™, o}E& 2]
7t Aae g v x9 550t Y ofd FolA x9 WY WEle]
3 A9 WU singular matrix® ¥ F3H Property (Y)v A Y3dA 2ech
o] Aoz ¥ algorithm® FHE 4 Ao AAde KAST. U FFsX
detd, y B9 ALE FolAY, 4 (1)9 symbolic solutiong ©]§3l= W
T XBL 53 A d8E A = Ao

of X
t}&& Stephanopoulos®t Westerberg (1975)2) &4 o]t}

min 0% + 238 + 234 —4xy + 224 +5x5 — x5

subject to
—3x1 + X9 — 3x4
—2xy + x3— 2x5
4X4 — Xg
X + 2x4
X9 + X5
X3 + Xg
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x|, X2, X3, X4, Xg,
Vaidyanathan®} El-Halwagi (1994) o234 #& 238 A83 Yt

Tnitial box = ([0, 3], [0, 31, [0, 41, [0, 3], [0, 3], [0, 12D™.
Tolerance on the width of the solution box = 0.001
Accuracy of the objective function inclusion = 0.01

HAHo WeE ([0.166, 0.167], [1.999, 2.000], [3.999, 4.000], [0.499, 0.500],
[0.000, 0.000], [1.999, 2.0001)T, EA% 429 WAE [-13402, -13.393]c1dch. Al
A AZHE 259 RE 7S MHES £3%9 S W Sun SPARCstation 10 %
FejollA 4364 s ¢ Aoz HIEUCH

B AFgMT FY3F initial boxE AHEEHoY, 2ok A HE 7] A
3t global minimumol A2l A efZ AL} HL LA (feasibility tolerance) e =
104 2 2320 3893 (optimality tolerance) e, = 107 & AL&3tgth
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HHHPL f9 T8y B9 A [-13402, -13401]12 vepsdch A
AZhe Adrd vhE WS AMEshA| ¥k-& o PC 486DX2/66MHzel A 4.95 s
Ak WF yE AEFo 2N AojE & AdeE B 1 o] 99%FH0] ot

#F 1. AdAAM y dg AR E At A1

x HF y H Subproblem 7RS4 | AAF A1z}, s
X1, X2, X3, X4, X5, X6 17,267 495
X1, X2, X3, X4, X5 X¢ 5,263 160
X1, X2, X3, X4 X5, X6 2,655 0.88
X1, X2, X3 X4, X5, X6 925 0.44
X1, X2 X3, X4, X5, X6 275 0.28
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Yyt © 2 Nonconvex NLPE NP-hard problemoltd. & EAe] =77} -
7hEha AlA A e oAl A 5 HHE Foreo sekEd HA 3 A4
5% nonconvex@ulth 1 Z7]|7F Widted 7]&9] Deterministic Approach®
A2 &= Global Optimization Algorithme A &g AJo] Aol (At

a8y iR 3EgFA HHI} FAES 2L T4 AgxAE JHAH, &
Aol WetMe 2L 548 4 ()Y Fd=2 vepd = Aok B =89 oA}
#2& HAe9| 7%, branching variable® AFE 49 AF=et 2A & +
Ak olEF EAS 713 HAE ARG ZAe FA 8 5 A

2R 3et3Ay HAH3 EAY Adre a9 2A g i B =5
ol A A etdt algorithme 15 Local Optimization®lW Stochastic Approach®ll
ol o EEY B EAS HEAZOEMN olBFHog HAH A HHHE
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